磁性流体自由表面解析における界面磁場方程式 (非線形波動現象の構造と力学) by 水田, 洋
Title磁性流体自由表面解析における界面磁場方程式 (非線形波動現象の構造と力学)
Author(s)水田, 洋

































, 2 Laplace ,




Real Space . , Flat Space
, Real Space . ,
- ,
[4].









$b_{j}=(b_{xj}, b_{yj}),$ $h_{j}=(h_{xj}, h_{\gamma j}),$ $\mu_{j}$ ,
$f_{j}(z)=b_{xj}-ib_{yj}=\mu_{j}$ ( $h_{xj}$ -ihyj)(1)
. $\mathrm{d}\mathrm{i}\mathrm{v}b_{j}=0$
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rot $h_{j}=0$ , bxj/\partial x $=-\partial b_{yj}/\partial y$ ,
hyj/\partial x $=\partial h_{xj}/\partial y$ Cauchy-Riemann
, , $z=x+iy$ , Cauchy , Hilbert
, , .
, $f_{j}(z)$ $z$ , .
, $[\mu j]=\mu_{2}-\mu 1$
, $h_{\mathrm{s}}$
b ,















Fig. 1: (a) Interface magnetic fields. (b) Case of lnear interface, magnetic pole $z_{1}$ and its
image point $z_{2}$ .
$\gamma_{1}$ , $\gamma_{2}$ $\tau_{2}=\overline{e^{\theta}.f_{2}(z)}=e^{-\cdot\theta}.\mathcal{T}_{2}(\overline{z})$
$\{$
$g_{1} \equiv\overline{\frac{\gamma_{2}}{\mu_{2}}}-\frac{\gamma_{1}}{\mu_{1}}=-[h_{\mathrm{s}}]+i(\frac{1}{\mu_{1}}+\frac{1}{\mu_{2}})$ b ’
$g_{2}\equiv\overline{\gamma_{2}}+\gamma_{1}=-(\mu_{1}+\mu_{2})h_{\mathrm{s}}+i[h]$
(5)
, , $h_{\mathrm{s}},$ $b_{\mathrm{n}}$ .
, $g_{1}$ $b_{\mathrm{n}}$ , $g_{2}$ $h_{s}$ .
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, $\delta\equiv(\mu_{1}-\mu_{2})/(\mu_{1}+\mu_{2}),$ $\mu_{1}(1-\delta)=\mu_{2}(1+\delta)=2\mu_{1}\mu_{2}/(\mu_{1}+\mu_{2})$ .
$z$ , $z_{1},$ $z_{2}$ Cauchy-
64







$g_{1}=i \frac{2y_{1}}{x^{2}+y_{1}^{2}}=i(\frac{1}{\mu_{1}}+\frac{1}{\mu_{2}})b_{\mathrm{n}}$ , $g_{2}= \frac{2\mu_{1}x}{x^{2}+y_{1}^{2}}=-(\mu_{1}+\mu_{2})h_{\mathrm{s}}$ (8)
. , $b_{\mathrm{n}},$ $-h_{\mathrm{s}}$ .
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, ,











$B(z),$ $H(z)$ , $f_{1}(z),$ $f_{2}(z)$ . $\mu_{1}$
$\mu_{2}$ , $f1(z)$ $f_{2}(z)$ , $B(z),$ $H(z)$






















$C,$ $D$ , $f_{j}(z)$ $\gamma_{j}$ ,




$D_{\mathrm{r}}=-h_{\mathrm{s}}$ , ] $D_{\mathrm{i}}=[h]=0$
(14)
. , $f_{1}(z),$ $f_{2}(z)$ , $B(z)$
, $H(z)$ , .
, $B(z)$ , $H(z)$ , $b_{\mathrm{n}},$ $-h_{\mathrm{s}}$ .
6 Hilbert
,
$B(z),$ $H(z)$ Laplace , Hilbert
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Fig. 2: Contours $C_{\mathrm{U}}$ and $C_{\mathrm{L}}$ for the complex integral leading to the extended Hflbert







Fig. 2 , $C_{1}$ , $z$
$C_{2}$ , $C_{3}$ $C_{\mathrm{U}},$ $C_{\mathrm{L}}$
$(\begin{array}{l}B(z’)H(z,)\end{array})$ (15)
, $B(z),$ $H(z)$ $C_{\mathrm{U}},$ $C_{\mathrm{L}}$ , Cauchy
0 . , , $C_{\mathrm{U}},$ $C_{\mathrm{L}}$







. 1 $C_{\mathrm{U}}$ , 2 $C_{\mathrm{L}}$ . , $C_{1}$ ,
2 $C_{2}$ , $C_{3}$ . 1 $B^{(2)}(z)$ ,
$H^{(2)}(z)$ $C_{\mathrm{U}}$ , , $B^{(1)}(z),$ $H^{(1)}(z)$ $C_{\mathrm{L}}$





. , 4 , (11)
$B^{(1)}(z)=-U(z)/( \frac{1}{\mu_{1}}+\frac{1}{\mu_{2}})$ , $H^{(1)}(z)=\mu_{1}U(z)/(\mu_{1}+\mu_{2})$ (18)
, (10) $f_{1}^{(1)}(z)=\mu_{1}U(z)$ .
$f_{1}^{(1)}(z)$ , $z_{1}$ .
Hilbert , (16)
, ,
. (16) 2 , 1 ,
2 , . ,
, , , .
7Hilbert
6 , $B(z),$ $H(z)$ , Hilbert (16) .
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, 5 , , $B(z)$ , $H(z)$
, . , Hilbert
, $h_{\mathrm{s}}$ , b .
, $t(-\infty<t<\infty)$ , $z=z(t)$
. , $\theta=\theta(z(t))=\theta(t)$ . , $e^{i\theta(t)}=$
$\mathrm{d}z(t)/\mathrm{d}t/|\mathrm{d}z(t)/\mathrm{d}t|$ . , (16) 2
$e^{i\theta(t)}$ , (13) $C(t)=B(z(t))e^{i\theta(t)},$ $D(t)=H(z(t))e^{i\theta(t)}$
,
$(\begin{array}{l}C(t)D(t)\end{array})=2(\begin{array}{l}B^{(1)}(z(t))H^{(1)}(z(t))\end{array})e^{i\theta(t)}-\frac{1}{\pi i}\int_{-\infty}^{\infty}\frac{\mathrm{d}t’}{t’-t}K(t’, t)(\begin{array}{l}C(t’)D(t,)\end{array})$ (19)
.
$K(t’,t) \equiv,\frac{e^{i\theta(t)}(t’-t)}{z(t)-z(t)}|\frac{\mathrm{d}z(t’)}{\mathrm{d}t},|$ (20)
, , $z(t)=te^{i\theta},$ $\theta(t)=$ $K(t’, t)=1$ .
$C_{\mathrm{r}}=0,$ $D_{\mathrm{i}}=0$ , (19) 1 2
,
$(\begin{array}{l}C_{\mathrm{i}}(t)D_{\mathrm{r}}(t)\end{array})=2(\begin{array}{l}\mathrm{I}\mathrm{m}B^{(1)}(z(t))e^{i\theta(t)}\mathrm{R}\mathrm{e}H^{(1)}(z(t))e^{i\theta(t)}\end{array})-\frac{1}{\pi}\int_{-\infty}^{\infty},\frac{\mathrm{d}t’}{t-t}{\rm Im} K(t’,t)(\begin{array}{l}C_{\mathrm{i}}(t)D_{\mathrm{r}}(t’)\end{array})(21)$
. (21) $C_{\mathrm{i}}=b_{\mathrm{n}},$ $D_{\mathrm{r}}=-h_{\mathrm{s}}$ ,
. 1 ,
$B^{(1)}(z),$ $H^{(1)}(z)$ , 2 ,
, $1/(t’-t)$ ,
[4]. , ,
. ${\rm Im} K(t’,t)=0$
, $b_{\mathrm{n}},$ $-h_{\mathrm{s}}$ $B^{(1)}(z),$ $H^{(1)}(z)$ , (8) .
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8, -
. , Flat Space $Z=X+i\mathrm{Y}$ Real Space
$z=x+iy$ ,
, $\theta$ , $\tau$ , Flat Space $(V_{X}, V_{\mathrm{Y}}),$ Flat Space
$(U_{X}, U_{\mathrm{Y}})$ , $\theta(X,t)$ $V_{X}(X,t)$
.
$\{$
$\frac{\partial V_{X}}{\partial t}=-ge^{-\tau}\sin\theta+\frac{\gamma}{\sqrt}\frac{\partial}{\partial X}(e^{\tau}\frac{w}{\partial X})+\frac{\partial}{\partial X}(\frac{1}{2\rho}.T)$
$- \frac{\partial}{\partial X}\{\frac{e^{2\tau}}{2}(V_{X}^{2}+V_{\mathrm{Y}}^{2})\}$ ,
$\frac{\partial\theta}{\partial t}=(e^{2\tau}U_{X})\frac{\partial\theta}{\partial X}-(e^{2\tau}V_{\mathrm{Y}})\frac{\partial\tau}{\partial X}+\frac{\partial}{\partial X}(e^{2\tau}V_{\mathrm{Y}})$ .
(22)
, (22) 1
, $g,$ $\gamma,$ $\rho$ , , , .
$T$ , $h_{\mathrm{s}},$ $b_{\mathrm{n}}$ (3) .
(22) , (1) $\theta,$ $V_{X}$ , .(Il) $\tau,$ $V_{\mathrm{Y}},$ $U_{X}$ .
$Z$ $\theta+i\tau,$ $V_{X}-iV_{\mathrm{Y}},$ $e^{2\tau}U_{X}+ie^{2\tau}V_{\mathrm{Y}}$ , Flat Space
,
Hilbert , Hilbert , (I1)
(I) [4]. , (22) .
, $V_{X},$ $V_{\mathrm{Y}}$ 0 , 1 0, 1 2
2 , 1 ,
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